Laser-assisted solar cell metallization processing by Dutta, S.
DIST. CATEGORY 1^6
DOE/JPL-956615/^/2
DRD NO. SE5
DRL NO. 203
LASER-ASSISTED SOLAR CELL
METALLIZATION PROCESSING
S. Dutta
Quarterly Report for the Period December 13, 1983
to March 12, 1984
Jet Propulsion Laboratory
Contract No. 956615
April 3, 1984
Westinghouse R&O Center
1310 Beulah Road
Pittsburgh. Pennsylvania 15235
https://ntrs.nasa.gov/search.jsp?R=19840021286 2020-03-20T22:34:12+00:00Z
This work was performed for the Jet Propulsion Laboratory, California
Institute of Technology, and was sponsored by the United States Department
of Energy through an agreement with the National Aeronautics and Space
Administration.
,This report was prepared as an account of work sponsored by the United States
^Government. Neither the United States nor the United States Department of
Energy, nor any of their employees, nor any of their contractors, subcon-
tractors, or their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, app°aratus, product or process disclosed,
or represents that its use would not infringe privately owned rights.
DIST. CATEGORY UC-63
DOE/JPL-956615/84/2
DRD NO. SE5
DRL NO. 203
LASER-ASSISTED SOLAR CELL
METALLIZATION PROCESSING
S. Dutta
Quarterly Report for the Period December 13, 1983
to March 12, 1984
Jet Propulsion Laboratory
Contract No. 956615
April 3, 1984
Westinghouse R&D Center
1310 Beulah Road
Pittsburgh. Pennsylvania 15235
CONTENTS
LIST OF FIGURES iii
1. SUMMARY 1
2. RESULTS AND DISCUSSION 4
2.1 Laser-Assisted Pyrolysis 4
2 .2 Laser-Assisted Photolysis 9
3. CONCLUSIONS AND RECOMMENDATIONS 14
4. PROJECTION OF ACTIVITIES FOR THIRD QUARTER 15
Page intentionally left blank
Page intentionally left blank
LIST OF FIGURES
Page
Figure 1. Milestone Chart 2
Figure 2. Schematic of experimental set-up for laser
pyrolysis of spun-on metallo-organic films 6
Figure 3. Dependence of laser-deposited linewidth on
laser power and spin speed 7
Figure 4. 1000X Nomarski micrograph of silver deposited
at a laser power of 6W 8
Figure 5. Laser-written solar cell metallization
patterns using spin-on silver neodecanoate 10
Figure 6. Schematic of gas-fill and pumping station for
laser-assisted photolysis 12
Figure 7. Schematic of experimental set-up for
laser-assisted photolysis 13
iii
1. SUMMARY
The aim of this contract is to investigate, develop, and
characterize laser-assisted processing techniques utilized to produce
the fine-line, thin-metal grid structures that are required to fabricate
high-efficiency solar cells. The tasks comprising these investigations
are summarized in the milestone chart in Figure 1.
During the first quarter of this contract, a comprehensive
literature search was carried out on the various state-of-the-art laser-
assisted techniques for metal deposition, including laser chemical vapor
deposition and laser photolysis of organometallics, as well as laser-
enhanced electroplating. A compact system for the experiments involving
laser-assisted photolysis of gas-phase compounds was designed and
constructed. Initial experiments on laser-enhanced electroplating
yielded very promising results with linewidths as narrow as 25 um and
plating speeds as high as 12 um/sec being achieved.
The work performed in the second quarter is detailed in this
report. Metal deposition experiments have been carried out utilizing
laser-assisted pyrolysis of a variety of metal-bearing polymer films and
metallo-organic inks spun onto silicon substrates. Laser decomposition
of spun-on silver neodecanoate ink obtained from Purdue University has
yielded very promising results. Solar cell comb metallization patterns
have been written using this technique, each pattern being written in a
fraction of a second. Electrical characterization of the metal deposits
and measurement of the solar cell characteristics obtained using this
metallization scheme will be carried out. Preliminary experiments
involving the laser-assisted deposition of titanium and tin are planned.
An economic evaluation of the two processes — pyrolytic decomposition
of spun-on films and photolytic decomposition of organometallic vapors
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— will then be performed. Progress on this project was summarized at
the 23rd Project Integration Meeting on March 14 and 15 at Pasadena.
2. RESULTS AND DISCUSSION
2.1 Laser-Assisted Pyrolysis
Deposition of metals by laser-assisted pyrolysis of a variety of
metallo-organic inks and metal-bearing polymer solutions spun as films
onto silicon wafers has been carried out. The films that have been
laser-exposed include gold and palladium bearing polymers from
Emulsitone Company, tantalum, chromium, and molybdenum metallo-organic
compounds from Engelhardt Corporation, and a silver metallo-organic ink,
silver neodecanoate, synthesized by Professors Robert and Geraldine Vest
of Purdue University. The films used in these experiments are listed in
Table 1. Laser decomposition of these films has been carried out using
a focused argon-ion laser and x-y scanning mirrors as shown in Figure 2.
The commercial films from Emulsitone and Engelhardt did not spin
on uniformly or decompose cleanly into metallic-looking deposits upon
exposure to the laser. The silver neodecanoate metallo-organic ink from
Purdue University, however, has yielded very promising results. It
spins on very uniformly and decomposes into bright silver deposits at
laser power densities as low as 1.5 x 10 W/cm , corresponding to a
laser power of 1 W and a spot size of ~ 94 ym, and beam scan rates as
high as 50 cm/sec. The high-magnification Nomarski photomicrograph
shown in Figure 3 clearly demonstrates the high-quality, dense, fine-
grain nature of the laser-decomposed silver. Figure 4 shows the
dependence of the deposited linewidth on laser power and spin speed.
The linewidth initially increases with laser power, as expected, as the
portion of the Gaussian beam above the threshold power for film
decomposition increases. This effect saturates when the linewidth
becomes equal to the laser spot size. Increasing the spin speed
decreases the film thickness, and consequently the laser power required
Table 1
LIST OF SPIN-ON LIQUIDS DECOMPOSED BY LASER PYROLYSIS
Metal Compound Supplier
Ag Silver neodecanate Professors R. and G. Vest,
Purdue University
Au Gold-bearing polymer,
composition unknown
Emulsitone Company
Pd Palladium-bearing polymer,
composition unknown
Emulsitone Company
Ta Tantalum metallo-organic,
composition unknown
Engelhardt Corporation
Mo Molybdenum metallo-organic,
composition unknown
Engelhardt Corporation
Cr Chromium metallo-organic,
composition unknown
Engelhardt Corporation
Dwg.
Scanning
Mirrors
Laser Beam
Deposited Silver
Spun-On Silver
Neodecanoate Film
Silicon Substrate
Sample Base Temperature 100°C
Focussed Laser Spot Decomposes Spun-On Film
Silver Metallization Patterns are Formed by Direct-Writing
Figure 2. Schematic of experimental set-up for laser pyrolysis of
spun-on metallo-organic films.
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Figure 4. 1000X Nomarski micrograph of silver deposited at a laser
power of 6W.
RM-2834
for decomposition. It should be emphasized, however, that much finer
linewidths may be obtained by going to lower laser powers or a tighter
focusing system.
In the initial experiments involving silver neodecanoate, the
substrate was held at room temperature during the laser decomposition
process. It has been found that the deposited silver does not adhere
very well under these deposition conditions, being washed away with the
rest of the film during the subsequent acetone rinse. Subsequent
experiments have been carried out with the substrate being heated
gradually to 100°C prior to laser processing. The substrate temperature
is then held at 100°C during the laser decomposition. Adhesion of the
deposited silver has been found to improve considerably under these
conditions. The deposited silver does not, however, pass the "Scotch-
tape" test of adhesion yet. Experiments involving post-deposition
sintering are being carried out to improve adhesion. Laser
decomposition is also being performed with the substrate held at
temperatures ranging from 0-100°C to see which temperature condition
yields the most adherent deposits.
Ten solar cell comb metallization patterns have been directly
laser written on a two-inch silicon wafer with silver neodecanoate spun
onto its surface, as shown in Figure 5. Each line was written using a
single laser scan, and the contact pads were written using x-y raster
scans that overlapped by 50%. Laser powers ranging from 1 to 7 W were
used, and the substrate was gradually heated to and held at 100°C. Scan
velocities of 20 cm/sec were used, resulting in a total time of 0.7 sec
for each comb pattern. Such rapid writing speeds enable this technique
to appear economically attractive. Solar cell fabrication is being
carried out using this metallization technique.
2.2 Laser-Assisted Photolysis
The gas-fill and pumping station for the laser photolysis of
gas-phase organometallics has been set up inside a fume hood, connected
Figure 5. Laser-written solar cell metallization patterns using spin-on
silver neodecanoate.
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to the various gas supplies, and fitted with a heater assembly and
thermocouple gauges. A schematic of this station is shown in Figure 6.
As one of the compounds to be photolyzed is titanium tetrachloride,
which corrodes stainless steel, an additional sample chamber has been
constructed from carbon steel, which is more corrosion resistant.
Sample holders, fitted within the sample chambers and designed to vary
the substrate position relative to the chamber window, have been
constructed. There has been a slight delay caused by the replacement of
the fume hood exhaust system. Preliminary experiments involving the
laser-assisted deposition of tin and titanium will be carried out as
soon as possible, using the experimental set-up depicted schematically
in Figure 7. An economic evaluation of this technique can then be
performed.
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3. CONCLUSIONS AND RECOMMENDATIONS
The laser-assisted pyrolysis of spun-on silver neodecanoate
films appears to be an extremely promising technique. Solar cell comb
metallization patterns have been directly written in times as short as
0.7 sec per cell, making it an economically attractive technique. The
optical appearance of the deposited silver indicates that it is dense,
high-quality material. Adhesion has been improved by substrate heating
techniques, but there are still problems which are being addressed.
Contact and sheet resistance measurements and solar cell characteriza-
tion need to be performed once the adhesion has been sufficiently
improved. A SAMICS evaluation of this technique can then be made.
Laser-assisted photolysis experiments using gas-phase compounds
of tin and titanium will shortly be carried out. A decision on whether
to continue with this technique will be made based on the preliminary
data.
14
4. PROJECTION OF ACTIVITIES FOR THIRD QUARTER
A SAMICS economic evaluation of solar cells metallized by laser
pyrolysis of silver neodecanoate will be performed. Electrical
characterization of the deposited metal and solar cell measurements to
determine the effect of transient heating on junctions and bulk lifetime
will be carried out. The first experiments on laser-assisted photolysis
will be performed, and a decision made on whether to progre.ss further
with this technique for solar cell metallization.
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Division of Applied Research
Attn: Dr. Japan Mukherjee
1800 G. Street NW
Washington, DC 20550
Opto Technology, Inc.
Attn: W. E. Hegberg
1674 South Wolf Road
Wheeling, IL 60090
Owens Illinois, Inc.
Attn: G. L. Glen
P. 0. Box 1035
Toledo, OH 43666
PRC Energy Analysis Company
Attn: Mr. Arie P. Ariotedjo
7600 Old Springhouse Road
McLean, VA 22101
Photowatt International
Attn: Clay Olson
2414 West 14th St.
Tempe, AZ 85281
RCA, Advanced Technology Labs.
Attn: M. S. Crouthamel
Building 10-8
Camden, NJ 08102
RCA Laboratories
David Sarnoff Research Center
Attn: Arthur Firester
Princeton, NJ 08540
e' II
Marie/ fcacf<air Roberts
46CO fc'cverly Ave.
Garreu P*rk, TO 20766
Internet iosiel
c^ Research Center
Attn: DC, H, M. Kanasevit
CA
Avenue
92903
Rockwell International
Autonetics Division
Attn: MI, j. Yaofl
D/542, **22
3370 Mirtlataa Averse
CA 92803
RocUeii Inteznatiorwl
wr, 8. L.
Oept. 714
8900 Descts Ava.
Ceroga Pa^k} CA $1304
C. T. Sail Associates
Attn: Or, C. T. Sah
603 Pond «idge Li«e
JJrtam, li. 618O1
Science ftppplicatisns
Attn: Dr. 3. A. Wseor
P. 0. Sox 2351
1200 Pn»p«ct St.
La Jciia, CA 92057
Science Applications
Attr,: Or, Tin Kftasel
1710 Gcodridgs Dtive
P. 0. Box 1303
VA 22102
NO. 0^
copies
No. Of
ccoies
Processirg
Attn: MT.
10 IrxJutliial
MA 02063
»v.
Oil Conpany
Solex energy Bgsl
Attn: Mr, *. A,
P. 0. SO* 2453
Houston, TX 77001
Siltac C
Attn: T. Sonera
371? Haven Avenue
HenloPark, CA 94025
Siltac Corporation
Attn: R, £. .orensini
5717 Haven Avenue
Mer.lo Park, CA 94023
Siltec Corporation
Attn: technical Library
 t R & D
3717 Ha van Avenue
Henlo Park, CA 94025
Solamt, Inc.
Attn: Or, Sartan Roessier
BBS wateraan Ave.
East Providence, RI D29U
Soisr Energy Raaearch Institute
Attn: Or. Charles 2. Bishop
2617 Caia Blvd,
Golden, CC 60401
Soler €
Attn: Sery Muss
1617 cole Blvd.
Golden, CC 80401
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Solar Energy Research Institute
Attn: SEIC/LIBRARY
1617 Cole Blvd.
Golden, CO 80401
Solar Energy Research Institute
Attn: Dr. Paul Rappaport
1617 Cole Blvd.
Golden, CO 80401
Solar Energy Research Institute
Photovoltaic Program Office
Attn: D. W. Ritchie
1617 Cole Blvd.
Golden, CO 80401
Solar Energy Research Institute
Photovoltaic Program Office
Attn: Dr. C. Edwin Witt
1617 Cole Blvd.
Golden, CO 80401
Solar Power Corporation
Attn: P. Caruso
20 Cabot Road
Woburn, MA 01801
Solar Power Corporation
Attn: W. T. Kurth
20 Cabot Road
Woburn, MA 01801
Solarex Corporation
Attn: R. Dominquez
1335 Piccard Drive
Rockville, MD 20850
Solarex Corporation
Attn: John V. Goldsmith
1335 Piccard Drive
Rockville, MD 20850
Solarex Corporation
Attn: Dr. Joseph Lindmayer
1335 Piccard Drive
Rockville, MD 20850
No. Of
copies
Solarex Corporation
Attn: Dr. Manfred Wihl
1335 Piccard Drive
Rockville, MD 20850
Solavolt International
Attn: William J. Kaszeta
P. 0. Box 2934
Phoenix, AZ 85062
Solec International, Inc.
Attn: Ishaq Shahryar
12533 Chadron Ave.
Hawthrone, CA 90250
Southern Methodist University
Institute of Technology
Electrical Engineering Dept.
Attn: T. L. Chu
Dallas, TX 75275
Spectrolab Inc.
Attn: Alec Garcia
12500 Gladstone Avenue
Sylmar, CA 91342
Spectrolab Inc.
Attn: Dr. J. Minahan
12500 Gladstone Avenue
Sylmar, CA 91342
Spectrolab, Inc.
Attn: E. L. Ralph
12500 Gladstone Avenue
Sylmar, CA 91342
Spectrolab, Inc.
Attn: W. Taylor
12500 Gladstone Avenue
Sylmar, CA 91342
Spire Corporation
Attn: Dr. P. Younger
1 Patriots Park
Bedford, MA 01730
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Spire Corporation
Patriots Park
Attn: R. Little
P. 0. Box D
Bedford, MA 01730
Springborn Laboratories, Inc.
Attn: Dr. Bernard Baum
Water Street
Enfield, CT 06082
Stanford Research Institute
Attn: Dr. Leonard Nanis
Menlo Park, CA 94025
Stanford Research Institute
Materials Research Center
Attn: Dr. Angel Sanjurjo, G213
333 Ravenswood Avenue
Menlo Park, CA 94025
Stanford University
Stanford Electronics
Attn: J. F. Gibbons
Stanford, CA 94305
Stanford University
Solid State Electronics Lab
Attn: Professor G. Pearson
Stanford, CA 94305
State University of New York
College of Engineering
Department of Materials Science
Attn: Dr. Franklin F. Y. Wang
Stony Brook, NY 11794
Strategies Unlimited
Attn: Doug Finch
Suite 205
201 San Antonio Circle
Mountain View, CA 94040
Synthatron Corporation
Attn: Hillard Blank
50 Intervale Rd.
Parsippany, NJ 07054
Team Inc.
Attn: Harold L. Macomber
P. 0. Box 672
Springfield, VA 22150
Texas Instruments, Inc.
Attn: Mr. Ronald Sabol
M/S 10-15
34 Forest Street
Attelboro, MA 02703
Texas Instruments, Inc.
Semiconductor Group
Attn: B. Carbajal
M/S 82
P. 0. Box 225012
Dallas, TX 75222
Thick Film Systems, Inc.
Attn: Jason D. Provance
324 Palm Avenue
Santa Barbara, CA 93101
Tideland Signal Corp.
Attn: Mr. Carl Kotilla
P. 0. Box 52430
Houston, TX 77052
Tracer MBA
Attn: Mr. A. L. Foote
Bellinger Canyon Road
San Ramon, CA 94583
TRW Systems Group
Attn: R. Yasui
Mail Stop Ml/1320
One Space Park
Redondo Beach, CA 90278
No. of
copies
1
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Underwriters Laboratories
Attn: Al Levins
1285 Walt Whitman Road
Melville
Long Island, NY 11746
Underwriters Laboratories
Attn: William J. Christian
333 Phingsten
North Brook, IL 60062
Union Carbide Corporation
Attn: Dr. Pesho Kotval
P. 0. Box 324
Corporate Research Building
Tuxedo, NY 10987
Union Carbide Corporation
Attn: Peter Orenski
270 Park Ave. 8th Floor
New York, NY 10017
University of Delaware
Department of Electrical Engineers
Attn: Allen M. Barnett
Newark, DE 19711
University of Delaware
College of Engineering
Du Pont Hall
Attn: Professor Karl W. Boer
Newark, DE 19711
University of Michigan
Attn: Raoul Kopelman
Dept. of Chemistry
Ann Arbor, MI 48104
University of Missouri-Rolla
Ceramic Engineering Department
Attn: Dr. P. Darrell Ownby
Rolla, MO 65401
No. C
cop.u
University of New Mexico
Bureau of Engineering Research
Paris Eng. Center
Attn: W. W. Grannemann
Room 124
Albuquerque, NM 87131
University of Pennsylvania
Attn: Professor Martin Wolf
308 Moore D2
Philadelphia, PA 19174
University of South Carolina
College of Engineering
Attn: R. B. Hilborn, Or.
Columbia, SC 29208
U. S. Airforce
Air Force Aeropropulsion Lab.
Attn: Mr. Joseph Wise
AFAPL/POE-2
Wright-Patterson AFB, OH 45433
U. S. Army/MERADCOM
Attn: DRDME-E/Mr. Donald D. Faehn
Fort Belvoir, VA 22060
U. S. Coast Guard
R & D Center
Attn: Dr. F. Giovane
Avery Point
Groton, CT 06340
U. S. Department Energy
Forrestal Building
Attn: R. H. Annan
1000 Independence Ave., SW
Washington, DC 20585
U. S. Department of Energy
Forrestal Building
Attn: Dr. Morton Prince M/S 5G026
Photovoltaic Energy Systems Div.
1000 Independence Ave., SW
Washington, DC 20585
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U. S. Department of Energy
Technical Information Center + Repro
Attn: Doc. Control & Eval. Branch
P. 0. Box 62
Oak Ridge, TN 37830
Varian Associates
Attn: John M. V. Heldack-Vice Pres.
Corp. Development
611 Hansen Way
Palo Alto, CA 02173
Western Electric
Seminconductor Materials Engineering
Attn: R. E. Reusser - 6510
555 Union Boulevard
Allentown, PA 18103
Westinghouse Electric corp.
Attn: C. M. Rose
P. 0. Box 10864
Pittsburgh, PA 15236
Westinghouse Electric Corporation
Power Circuit Breaker Division
ARC Heater Project
Attn: Dr. M. Fey
Trafford, PA 15085
Westinghouse Electric Corporation
Research Laboratories
Attn: R. H. Hopkins
1310 Beulah Road
Pittsburgh, PA 15235
11
No. <.
r.opif
Westinghouse Electric Corporation
Advanced Energy Systems
Attn: Dr. P. F. Pittman
P. 0. Box 10864
Pittsburgh, PA 15236
Westinghouse Electric Corporation
Research Laboratories
Attn: Dr. P. Rai-Choudhury
1310 Beulah Road
Pittsburgh, PA 15235
Westinghouse Electric Corporation
Research Laboratories
Attn: R. K. Riel
1310 Beulah Road
Pittsburgh, PA 15235
Xerox Electro-Optical Systems
Attn: Mr. William E. Mortensen
300 North Halstead Street
Pasadena, CA 91170
Xerox Electro Optical Systems
Attn: Mr. Keith Winsor
300 North Halstead
Pasadena, CA 91107
